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METHOD AND SYSTEM FOR PROCESS MONITORING 
USING X-RAY EMISSION 



Related Application 

[001] This application claims the priority of U.S provisional patent application serial 
number 60/41 7,273,flled at 8 October 2002. 

Field of the invention 

[002] The invention relates to scanning electron microscopes and especially to a 
measurements of copper layer thickness and detection of voids. 



Background of the invention 

[003] Integrated circuits are very complex devices that include multiple layers. Each 
layer may include conductive material and/or isolating material while other layers may 
include semi-conductive materials. These various materials are arranged in patterns, 
usually in accordance with the expected functionality of the integrated circuit. The 
patterns also reflect the manufacturing process of the integrated circuits. 
[004] Integrated circuits are manufactured by complex multi-staged manufacturing 
processes. This process may include depositing photo-resistive material on a substrate or 
layer, selectively exposing the resistive material by a photolithographic process, and 
developing the photo-resistive material to produce a pattern that defines some areas to be 
later etched or otherwise processed. After the pattern is processed various materials, such 
as copper are disposed. The deposition step is usually followed by a removing access 
material, such as chemical mechanical polishing (CMP). The polishing can result in 
various deformation, such as dishing and erosion. 

[005] Various metrology, inspection and failure analysis techniques evolved for 
inspecting integrated circuits both during the manufacturing stages, between consecutive 
manufacturing stages, either in combination with the manufacturing process (also termed 
"in line" inspection techniques) or not (also termed "off line" inspection techniques). It is 
known that manufacturing failures may affect the electrical characteristics of the 
integrated circuits. Some of these failures result from unwanted deviations from the 
required dimensions of the patterns. 
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[006] X-ray reflectivity (XRR) and X-ray florescence (XRF) are methods that use X-rays 
to determine the thickness of thin films. Various vendors sell metrology tools that utilize 
these methods for thin film thickness determination. One of these vendors is Jordan 
Valley Ltd. of Israel that sells various tools. The JVX5200 metrology tool implements 
both methods. 

[007] These X-ray based methods can also be utilized for detection of voids within thin 
films. A brief description of the state of the art may be found in the following patents and 
patent applications, all being incorporated herein by reference: U.S patent 6,556,652 
titled "Measurement of critical dimensions using X-ray" of Mazor et aL, U.S patent 
6,535,575 titled "Pulsed X-ray reflectometer" of Yokhin, U.S patent 6,041,095 titled "X- 
ray fluorescence analyzer" of Yokhin, U.S patent 6,389,102 titled "X-ray array detector" 
of Mazor et aL, U.S patent application 2003/0156682 titled "Dual-wavelength X-ray 
reflectometry" of Yokhin et al. 

[008] X-ray spot is relatively large. For example, the JVX5200 tool can produce a spot 
of about 18-30 micron when implementing XRF, and a larger spot (due to grazing angle 
illumination) that has a length of about 2-8 millimeters when implementing XRR. These 
measurements require relatively large test pads (about 70x100 micron for XRF and 100- 
150x2000-5000 microns for XRR). 

[009] Electron beam metrology and defect detection tools, such as Scanning Electron 
Microscopes are used for high resolution measurement of surface features as well as 
surface defects and contaminations. These tools generate a spot of electrons that is very 
small. Typical spots may have a length of about few nanometers. These electron beam 
metrology and defect detection tools are not able to detect voids or measure the thickness 
of layers, such as oblique layers and especially of copper layers. 

[0010] U.S. patent application serial numbers 10/242,496, 09/990,170 and 09/990,171 of 
Nasser-Ghodsi et el. titled respectfully, "methods and system for dishing and erosion 
characterization", "Methods and system for defect localization" and "methods and system 
for void characterization" also provide a description of prior art methods and systems for 
analyzing copper films. 

[0011] U.S patent application serial number 09/990,171 of Nasser-Ghodsi describes an 
system and method that provides an indication about the presence of voices in response 
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to the measurement counts. It is noted that said count based system and method are prone 
to various errors resulting from measurement inaccuracies, such as difference between 
measurements, different X-ray absorption and emission characteristics by different 
materials. 

Summary of the invention 

[0012] hi various embodiments, the invention provides systems and methods for process 
monitoring based upon X-ray emission induced by a beam of charged particles such as 
electrons or ions. 

[0013] The systems and method provide a map that is responsive to X-ray emitted from 
multiple locations positioned within a region of the sample. A processor may generate the 
map and controls the graphical representation of the map as well as the processing 
procedures. 

Brief description of the drawings 

[0014] In order to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-limiting example 
only, with reference to the accompanying drawings, in which: 

[0015] Figure 1 illustrates interaction process between a sample and a beam of charged 
particles as well as various information volumes; 

[0016] Figure 2 illustrates a Scanning Electron Microscope (SEM) that may be used for 
process monitoring, according to an embodiment of the invention; 
[0017] Figure 3 illustrates a cross section of a small part of a sample; 
[0018] Figure 4 illustrates a wafer that includes multiple targets; 
[0019] Figures 5a-5d illustrate exemplary targets; 

[0020] Figure 6 illustrates a method for locating a target or an area, according to an 
embodiment of the invention; 

[0021] Figures 7-9 are flow charts illustrating methods for process monitoring, according 
to an embodiment of the invention; and 

[0022] Figure 10 is an exemplary map of a sample that provides colored indication about 
void volumes, according to an embodiment of the invention. 
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Detailed description 

[0023] The invention relates to systems and methods for process monitoring and for 
detecting voids in thin layers, and additionally or alternatively, for determining the 
thickness of thin opaque layers. 

[0024] Figure 1 illustrates various interaction process and various information volumes. 
An information volume is a space in which an interaction process occurs and result in an 
emission of X-rays or electrons that may be eventually detected to provide information 
about the information volume. 

[0025] The figure illustrates a primary electron beam 2 that hits a sample 20 at an 
interaction point 1 1. As a result, secondary electrons 2 and Auger electrons 4 are emitted 
from a very thin information volume 3 while back scattered electrons (BSE) 6 and X-ray 
8 can leave the inspected object from a relatively large information volume 5 that has a 
depth that may even exceed one micron. 

[0026] It is noted that the distribution of electrons within the relatively large information 
volume 5 is not homogenous. The flux of electrons decreases at longer distance from 
interaction point 11. 

[0027] An indication about a depth of a void may be detected by illuminating the vicinity 
of the void by beams of different energies. 

[0028] Figure 2 illustrates a Scanning Electron Microscope (SEM) 1 0 that may be 
utilized for process monitoring, according to an embodiment of the invention. SEM 10 
includes an electron gun (not shown) for generating a primary electron beam, as well as 
multiple control and voltage supply units (denoted 1 1), an objective lens 12, and an EDX 
detector 14. 

[0029] It is noted that SEM 10 may include more than a single detector. SEM 10 may 
include at least one detector positioned in-lens (like optional secondary electron detector 
16), and/or at least one external detector (such as EDX detector 14). SEM 10 may include 
detectors of various types, such as a secondary electron detector, a backscattered electron 
detector, a narrowband X-ray detector, and the like. Each detector can include a single 
sensing element, or may include an array of sensing elements. The detectors may be 
positioned to detect radiation emitted towards different directions. 
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[0030] In SEM 10 the primary electron beam is directed through an aperture 18 within 
■ the optional in-lens detector 17 to be focused by the objective lens 12 onto an inspected 
sample 20. The primary electron beam interacts with sample 20 and as a result various 
types of electrons and photons, such as secondary electrons, back-scattered electrons, 
Auger electrons and X-ray quanta are reflected or scattered. 

[0031] EDX detector 14 is positioned such as to detect at least a portion of the emitted 
X-ray. EDX detector 14 is a broadband X-ray detector capable of providing a radiation 
spectrum that may be analyzed to determine which materials interacted with the electron 
beam. The inventor used various EDX detectors, such as an EDX detector of Thermo 
Noran that has Phi-Rho-Z electron probe correction program named PHI-RHO-Z. The 
inventors also applied other quantitative correction schemes such as the ZAF analysis. 
Phi-Rho-Z correction program and the ZAF analysis convert X-ray intensity peak areas 
into chemical values representative of the elemental weight fractions of the elemental 
constituents of the specimen. These techniques compensate for various phenomena that 
occur when a sample made of multiple materials is EDX analyzed. 
[0032] A brief description of an EDX analyzer that used ZAF analysis can also be found 
at U.S patent 5,299,138 of Fiori et al. which is incorporated herein by reference. 
[0033] Sample 20 is positioned on a stage 22. During the process monitoring a relative 
movement is introduced between the sample 20 and the primary electron beam 2. This 
may involve mechanical movement of sample, mechanical movement of other parts of 
SEM 10 and/or electrical deflection of the beam 2, or a combination of movements and 
deflection. Typically, the mechanical movement is introduced when a certain target or a 
certain area are being located, but it may also be introduced while scanning said target or 
area. 

[0034] When a certain target or area has to be inspected, there is a need to locate that 
certain target or area. An exemplary locating process is described at Figure 6. Figure 6 
illustrates a process 50 of locating an area or a target. Process 50 starts at step 52 of 
optionally mechanical movement towards a vicinity of that certain target or area. Step 52 
is followed by step 54 of acquiring an image of said vicinity, usually using a field of view 
that is derived from mechanical movement inaccuracies. The image is acquired by 
scanning said vicinity within an acquisition window. Figure 5a illustrates such a vicinity 
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that includes the target (which in turn includes a via surrounded by oxide), as well as 
additional vias 71* and an L-shaped conductor 74. Step 54 is followed by step 56 of 
processing the image to locate the target or area. Step 56 usually includes comparing a 
target by comparison with a previously acquired target image. Once the certain target or 
area is located it is scanned with a scanning window that is usually much smaller than the 
acquisition window. It is noted that the size of the scanning window is usually responsive 
to signal to noise ratio of the EDX sensor being used for the process monitoring process 
and/or to the response period of said EDX detector. This is because for a certain size of 
inspected pattern, the signal from the pattern itself is inversely proportional to the 
scanned area 

[0035] SEM 10 is typically used for implementing various process monitoring methods, 
such as methods 100-300, but some steps may require other tools, such as an optical 
inspection tool or Critical Dimension SEM to be used during step 210 of method 200. 
[0036] SEM 10 may include additional electrodes and anode that are positioned along 
the path of the beam of charged particles. These may be connected to current meters that 
may evaluate the intensity of the beam of charged particles, as portions of the beam may 
interact with these electrodes or electrodes. The beam mal also directed to a special target 
(formed within the sample) in order to allow beam intensity measurements. 
[0037] SEM 10 may include additional electrodes and anode that are positioned along 
the path of the beam of charged particles. These may be connected to current meters that 
may evaluate the intensity of the beam of charged particles, as portions of the beam may 
interact with these electrodes or electrodes. The beam mal also directed to a special target 
(formed within the sample) in order to allow beam intensity measurements. 
[0038] SEM 10 includes a processor 8 that processed the detection signals, and may also 
control the operation of various parts of SEM 10. Typically, processor 8 has image 
processing capabilities as well as control capabilities. For example, processor 8 may 
determine in which manner to process the detected X-ray emission, how to generate a 
map. 

[0039] A map generation may involve determining which colors and/or symbols to 
assign to various void volume ranges, to various flatness value ranges, target thickness 
ranges, to void depth range and the like. 
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[0040] Figure 3 illustrates a cross section of a small part 44 of a sample 20. Said small 
part 44 includes a substrate 40 that surrounds multiple vias 41 as well as a large pad 42, 
each is surrounded, but not covered by, substrate 40. The large pad and vias (which are 
illustrated out a scale) are made of conductive material, such as copper. The conductive 
material is deposited to an etched substrate 40 and then are subjected to access 
conductive material removal process. 42. It is noted that in many cases an intermediate 
barrier layer may be manufactured between each of the vias 41 and large pad and between 
the substrate 40. 

[0041] The processing may result in voids and/or conductor upper surface deformations. 
These deformations include erosion, dishing and scratches, and are usually significant 
when the conductor is large. This may occur when the conductor is a pad or a long 
conductive line, but is of less significance when the conductor is a small interconnect or 
via. The term large can be defined in relation to the size of the illuminating spot, in 
response to the size of other objects such as vias, or in response to the influence of size 
deformations upon the functionality of the integrated circuit. 
[0042] Figure 4 illustrates a wafer 60 that includes multiple targets 64. This figure 
illustrates a wafer 60 that includes multiple dies 62. Each die 62 may include a single 
target 64 but it usually includes a large amount of targets 64. When many targets are 
present the process monitoring process may include selecting which targets to evaluate. 
Some targets may be formed within scribe lines between dies, while others may be 
formed within the dies themselves. A scanned target or area may include a via that is 
partially surrounded by silicone oxide, but this is not necessarily so. The inventors also 
scanned parts of conducting lines, and are aware that other shaped targets may be scanned 
during to process monitoring process. Typical targets are further illustrated at Figures 5a- 
5d. 

[0043] In order to provide a comparison between different targets they should include 
the same composition of materials, and preferably have the same shape. The inventors 
found that various patterns may be used as targets. For example, a copper via surrounded 
by oxide may be selected as a target. The selection may be responsive to the 
manufacturing process characteristics (for example locations that are prone to the 
creation of voids, large objects that me be subject to dishing, and the like). 
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[0044] Figures 5a- 5c illustrates an upper view of various targets 70, 73, 75 and Figure 
5d illustrates a cross sectional view of target 77. Targets 70, 73 and 75 were formed after 
access copper was removed, while target 77 includes access copper to be later removed. 
Figure 5a illustrates target 70 that includes a single copper via 71 surrounded by substrate 
72. Figure 5b illustrates target 73 that includes multiple vias 71 surrounded by substrate 
72 as well a part of a conductive line 74. Figure 5c illustrates target 75 that includes a 
part 76 of a conductive line that is surrounded by substrate 72. Figure 5d illustrates target 
77 that includes a buried via 71, an upper layer of copper 79 and substrate 72, as well as a 
possible first portions 82 and an additional portion 84, that are generated by illuminating 
the target with beams of different energy. The via is connected to the upper layer 79 and 
to a lower layer 81 of copper. The shape of the first portion and additional portion is 
responsive to the presence of voids, such as void 86 within via 71. 
[0045] Figure 5a also illustrates the vicinity 68 of target 70 that is defined by an 
acquisition window. The vicinity includes additional vias 71* and an L-shaped conductor. 
Each of Figures 5b-5c illustrates a scanning window. 

[0046] Figure 7 is a flow chart illustration of method 100 for process monitoring. 
Method 100 starts by step 1 10 of receiving a sample such as sample 20 that is made of 
two or more materials. Step 1 10 is followed by step 120 of determining which area or 
areas of sample 20 to scan. Usually the sample is a wafer and each area includes targets 
that in turn may include a copper object (such as vias 71 of Figures 5a-5d) that is at least 
partially surrounded by other materials such as a silicon oxide substrate. 
[0047] Typically, and especially if a die-to-die comparison is implemented, the same 
areas are scanned at each die, but this is not necessarily so. 

[0048] Step 120 is followed by step 130 of locating the area. The location of an area may 
involve steps 52-56 of Figure 6, but this is not necessarily so. For example, in some cases 
a mechanical movement may not be necessary. 

[0049] Step 130 is followed by step 140 of scanning the located area of the sample such 
as to induce X-ray emission from a first portion (such as relatively large information 
volume 5 of Figure 1 or portions 82 or 84 of Figure 5d) of the sample. 
[0050] The shape and size of the first portion is responsive to various characteristics of 
the sample, as well as those of the beam of charged particles. For example, the 
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penetration of electrons is responsive to the materials from which the vicinity of the 
interaction target is made of, to the arrangement of materials at that vicinity, as well as 
the energy of the electrons of the primary beam, incident angle of the beam and the like. 
[0051] Step 140 is followed by step 150 of detecting X-ray emitted from said first 
portion. This step may include detecting a portion of said emitted X-rays, as the detection 
is responsive to the location of the EDX detector, the illuminating path, the sensitivity of 
the EDX detectors and the like. As previously mentioned, the detection can be executed 
by multiple detectors. The detectors may be of the same type and characteristics but may 
differ by their frequency response, as well as their sensitivity. 

[0052] Step 150 is followed by step 160 of providing an indication about the process. 
Step 160 involves applying a quantitative analysis correction technique on the detected 
X-ray emission. Optionally, the estimation may include die-to-die or die-to database 
comparison. Die to die includes comparing the results of a currently illuminated target to 
previous results from another target. That inventors found that a comparison of the results 
of a currently illuminated portion to a previous elimination of another target from the 
same wafer (or even the same die) is very effective, as various characteristics that alter 
the emitted X-ray radiation can vary between wafer to wafer and even between die to die. 
These characteristics may include copper density and the like 

[0053] The quantitative analysis correction technique may be a Phi-Rho-Z correction 
program and/or ZAF analysis that convert X-ray intensity peak areas into chemical values 
representative of the elemental weight fractions of the elemental constituents of the 
specimen. 

[0054] Step 160 may include comparing the results of a current session to an estimated 
emission. The estimated emission can be responsive to an estimated first portion, and 
more specifically to estimated materials that may be are included within the first portion, 
and/or to an estimated arrangement of objects within the first portion. 
[0055] According to various embodiments of the invention the first portion comprises 
objects that are made of different materials, such as a conductive object (such as a via, a 
metal layer conductor connected to the via), a substrate, a barrier layer, and the like. The 
estimated first portion content may reflect a substantially flawless first portion, but this is 
not necessarily so. For example, it may reflect a typical first portion. The estimation may 
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be responsive to the design of the inspected sample and/or to previous measurements of 
other portions of the sample or even other samples. This estimation may include 
destructive measurements (such as measurements that involve cross sectioning of the 
sample) or non-destructive measurements of other portions of the sample or other 
samples. 

[0056] It is noted the estimation of the first portion may be responsive to one or more 
parameters that affect the shape or size of the first portion, such as the energy of the 
primary beam, the angle of incidence and the illuminated sample. The inventors used a 
Monte Carlo based simulation to estimate emitted X-ray from a sample. 
[0057] According to an embodiment of the invention step 160 provides an indication 
that reflects a presence of a void within the first portion. The inventors found that even 
relatively small voids may be detected. For example, voids that have aggregate volumes 
of few percents of the via volume were. The depth of voids, as well as their aggregate 
volume per target can be determined more accurately when the target is illuminated with 
primary beams of different energies, and even different incidence angles. 
[0058] According to another aspect of the invention step 160 may provide an indication 
about the shape of an object positioned in the located area. Such an indication requires 
multiple measurements of various locations within said object. The various locations may 
define a grid. Each measurement may reflect the thickness of the object at a certain 
location. Thus, by measuring the thickness of a certain conductive pad or other large 
object the method can indicate if the object is flat, deformed, dish-shaped and the like. 
[0059] According to an embodiment of the invention method 1 00 may include an 
optional step 170 of providing an estimate of a characteristic of a reference object. The 
reference object is typically a filled cavity that is filled with the same conductive material 
as the inspected object. Step 170 is followed by step 160 in which the indication is also 
responsive to the estimated characteristic. Typically, the characteristic is a thickness of 
the reference object. 

[0060] Step 170 may include measuring a characteristic of the reference object. It may 
involve multiple measurements at various locations of the reference object, but it may 
only include a single measurement. The inventors selected to measure the reference 
object at a location that was selected such as to provide an indication about the thickness 
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of the reference object. The selection may involve estimating where voids do not exist 
and/or where dishing has a minor effect. For example, given a large reference object, 
voids are usually located near the edges of such an object. Thus, the inventors selected 
locations near the center of the object. If there is a chance that the large reference object 
surface is deformed then additional measurements can be taken to provide a 
representative parameter of the thickness of the reference object. 
[0061] Figure 8 is a flow chart of method 200 for process monitoring. Method 200 
analyzes a sample at multiple stages of the monitored manufacturing process. Method 
200 starts by step 210 of receiving a sample that defines a cavity. The sample is made of 
at least a first material. Typically, sample 20 is an integrated circuit that includes at least 
a substrate and may also include multiple layers, including conductive layers. The sample 
may be made of many materials, but at least some of said materials will not influence X- 
ray emission as they are not included within a first portion that emits X-rays. The cavity 
can be etched within a substrate to be later filled in with a conductive material such a 
copper. 

[0062] Step 210 is followed by step 220 of determining a characteristic of the cavity. 
The determination may involve determining at least one dimension of the cavity, such as 
bottom width, top width and even height. The determination may include scanning the 
cavity with a Critical Dimension SEM (CD-SEM), whereas the scanning may involve 
normal incidence, as well as tilted incidence. The determination may involve optical 
measurements, such as those involving reflectometery, and may include estimating the 
volume of the cavity or its cross section by comparing measurements of the cavity to a 
bank of previously measured cavities. The determination may include a mathematical 
analysis of the measurements to provide the determined characteristic. One of these 
mathematical analysis methods was developed by IBM and involves matching a 
mathematical formula (usually a polynomial of a certain order) to the measurements. 
[0063] The determination may be responsive to one or more measurements of the one or 
more dimensions of the cavity at one or more locations. 

[0064] Step 220 is followed by a manufacturing step during which the sample is 
provided to a manufacturing tool to be processed and then provided back to the tool used 
for x-ray detection (such as SEM 10 of Figure 2). The processing step includes filling the 
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cavity. It may also include polishing or otherwise removing excess material, but this is 
not necessarily so. The inventors performed some of their measurements on samples that 
included a filled cavity and an upper layer of conductive material. In these cases the 
inventors found that the upper layer usually did not include voids. Nevertheless, without 
a removal of access material various phenomena such as dishing of the layer below the 
upper layer are not monitored. 

[0065] Thus, method 200 includes step 230 of receiving a sample that includes a 
processed cavity filled with a second material, such as a conductive material and 
especially such as copper. 

[0066] Step 230 is followed by step 240 of directing a beam of charged particles towards 
the sample, so as to induce X-ray emission from a first portion of the sample, said first 
portion at least partially overlaps the processed cavity. Usually, the first portion includes 
the processed cavity as well as its surroundings. Once a void is present the first portion is 
expanded to include more 

[0067] Step 240 is followed by step 250 of detecting X-ray emitted from said first 
portion. 

[0068] Step 250 is followed by step 260 of providing an indication about the process in 
response to detected X-ray emission from the first portion and the determined 
characteristic of the cavity. According to various embodiments of the invention the 
indication may reflect the presence of voids within the first portion, or a shape of the 
filled cavity. It may reflect the thickness of the processed cavity at various locations. 
[0069] Method 200 was described in relation to a single cavity. It is noted that according 
to an embodiment of the invention it may be applied to monitor the pirocess in response to 
multiple processed cavities, each cavity is associated with a different portion. 
Accordingly, at least steps 230 and 240 repeated for each of the multiple processed 
cavities. The indication about the process may be responsive to the detected X-ray 
emission from the portions associated with each cavity and a determined characteristic of 
at least one cavity. In such a case there are multiple measurements that may be processed 
in various manners to provide an indication about the process. Each result can stand on 
its own, but this is not necessarily so and they may be further processed (including 
statistically processed) to provide various indications. 
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[00701 According to an embodiment of the invention the multiple results are processed 
to provide a map of the sample indicating X-ray emission measured in response to the 
detected X-ray emission from the multiple portions of the sample. 
[0071] According to another aspect of the invention voids characteristics are more 
accurately defined by performing multiple measurements, while changing various 
illumination or detection characteristics, such as acceleration voltage, incidence angle, 
detector location, detector sensitivity and the like. Thus, method 200 may include a 
further step (not shown, should follow step 250) of changing a characteristic of the beam 
of charged particles to provide a changed beam and repeating steps 230 and 240 of 
inducing X-ray emission from a second portion of the sample, said second portion at least 
partially overlaps the processed cavity; and detecting X-ray emitted from said second 
portion. Step 260 shall me modified such that the indication about the process is further 
responsive to detected X-ray emission from the second portion. 
[0072] According to yet another embodiment of the invention method 200 includes 
applying a quantitative analysis correction technique on detected X-ray emission to 
provide the process monitoring. 

[0073] Figure 9 is a flow chart of method 300 for process monitoring. Method 300 starts 
by step 3 10 of receiving a sample made of multiple materials. 

[0074] Step 310 is followed by step 320 of scanning multiple targets such as to induce 
X-ray emission from the multiple targets and of detecting X-ray emitted from said 
multiple targets. The multiple targets are positioned within a first region of the sample. 
Step 320 may include narrowband or wideband X-ray detection. Exemplary wideband X- 
ray detection may include EDX detection. Narrowband X-ray detection may include 
detecting X-ray within a narrowband that usually includes a certain emission line of a 
selected element, like K-line or L-line of Copper. Narrowband detectors are known in the 
art and some are described at U.S patent application 09/990,171 of Nasser-Ghodsi et el.. 
[0075] Each area is illuminated and its radiation is detected before moving to the next 
area, but simultaneous illumination of multiple targets and corresponding detection may 
also occur. 

[0076] Step 320 may include locating the multiple targets. Said location may include the 
steps of method 50, but this is not necessarily so. 
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[0077] Step 320 is followed by step 330 of creating a map of at least the region of the 
sample indicating a status of the process in response to the detected X-ray emission from 
the multiple targets. 

[0078] Step 330 may include processing measured X-ray emission in response to 
characteristics of at least two materials of the target. The processing may be Phi-Rho-Z 
correction program and/or ZAF processing. Said processing may include processing X- 
ray emission measurements in response to measured intensity of the beam of charged 
particles. 

[0079] The map may indicate at least one of the following: the presence of voids within 
the sample, the depth of the voids, the volume of the voids, deviations in a shape of the 
target, or dishing phenomena. 

[0080] The map may include symbols or colors or a combination of both. Different 
symbols, colors or a combination of both may be allocated to different void volume 
ranges, to different void depth ranges, to different target flatness value ranges, to different 
target thickness value ranges, and the like. Map 400 of Figure 10 was generated by 
assigning different colors to different void volumes. Figure 10 is an exemplary screen of 
a simulation program that estimated a first portion and especially the radiation emitted 
from a sample. 

[0081] According to an aspect of the invention method 300 further includes a step of 
changing a characteristic of a beam of charged particles that scanned the multiple targets 
to provide a changed beam and scanning the multiple targets with the changed beam of 
charged particles, so as to induce additional X-ray emissions from the multiple targets; 
and detecting the additional X-ray emissions. In this case the indication about the process 
is further responsive to the additional detected X-ray emissions. 

[0082] It is noted that a target may be illuminated by a beam and a changed beam before 
another target is illuminated, but this is not necessarily so. For example, multiple targets 
can be illuminated by the (unchanged) beam before changing the beam to provide a 
changed beam. 

[0083] According to another aspect of the invention once multiple cavities are 
illuminated, each processed cavity must be located before said illumination. Each 
processed cavity may be located by acquiring an image of an estimated vicinity of the 



14 



WO 2004/034044 




PCT/US2003/032037 



processed cavity and processing the image to locate the processed cavity. The image is 
typically acquired by scanning the sample within an acquisition window. Usually, a 
processed cavity is scanned within a scanning window that is smaller than the acquisition 
window. 

[0084] According to yet a further embodiment of the invention the indication about the 
process is further responsive to a reference parameter, such as a reference parameter that 
reflects measurements of other processed cavity, or a reference parameter that reflects an 
estimated detected X-ray emission. 

[00851 The present invention can be practiced by employing conventional tools, 
methodology and components. Accordingly, the details of such tools, component and 
methodology are not set forth herein in detail. In the previous descriptions, numerous 
specific details are set forth in order to provide a thorough understanding of the present 
invention. However, it should be recognized that the present invention might be 
practiced without resorting to the details specifically set forth. 

[0086] Only exemplary embodiments of the present invention and but a few examples of 
its versatility are shown and described in the present disclosure. It is to be understood 
that the present invention is capable of use in various other combinations and 
environments and is capable of changes or modifications within the scope of the 
inventive concept as expressed herein. 
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CLAIMS: 

What is claimed is: 

1 . A method for process monitoring, the method comprising the steps of: 

receiving a sample made of at least two materials; 

scanning multiple targets such as to induce X-ray emission from the multiple 
targets, whereas the multiple targets positioned within a first region of the sample; 
detecting x-ray emitted from said multiple targets; and 
creating a map of at least the region of the sample indicating a status of the 
process in response to the detected X-ray emission from the multiple targets. 

2. The method of claim 1 wherein the step of detecting X-ray comprises a wideband 
detection of emitted X-rays. 

3 . The method of claim 1 wherein the step of detecting x-ray comprising narrowband 
detection of x-rays. 

4. The method of claim 1 wherein the step of creating a map comprising processing 
measured x-ray emission in response to characteristics of at least two materials of the 
target. 

5 . The method of claim 4 wherein the processing comprises ZAF processing. 

6. The method of claim 1 further comprising monitoring the intensity of the beam of 
charged particles and processing x-ray emission measurements in response to said 
intensity. 

7. The method of claim 1 further comprising a step of locating the multiple targets. 
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8. The method of claim 7 wherein locating a target comprises acquiring an image of an 
estimated vicinity of the target and processing the image to locate the target. 

9. The method of claim 8 wherein the image is acquired by scanning the sample within 
an acquisition window. 

10. The method of claim 9 wherein a target is scanned within a scanning window that is 
smaller than the acquisition window. 

1 1 . The method of claim 1 wherein a target comprises a first object made of a first 
material, the first object is partially surrounded by a second object made of a second 
material. 

12. The method of claim 1 1 wherein the first object is a via or an interconnect. 

13. The method of claim 1 1 wherein the first material is conductor. 

14. The method of claim 1 1 wherein the first object is made of copper and the second 
object is made of silicone oxide. 

15. The method of claim 1 wherein the map reflects the presence of voids within the 
sample. 

16. The method of claim 1 wherein the map reflects deviations in a shape of the target. 

17. The method of claim 16 wherein the deviations reflects dishing. 

18. The method of claim 1 wherein the map provides an indication about a volume of a 
void within each target. 
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19. The method of claim 18 wherein different symbols are allocated to different void 
volume ranges. 

20. The method of claim 18 wherein different colors are allocated to different void 
volume ranges. 

21. The method of claim 1 wherein the map provides an indication about the flatness of 
each target. 

22. The method of claim 21 wherein different symbols are allocated to different flatness 
value ranges. 

23. The method of claim 21 wherein different colors are allocated to different flatness 
value ranges. 

24. The method of claim 1 wherein the map provides an indication about the thickness of 
each target. 

25. The method of claim 24 wherein different symbols are allocated to different 
thickness ranges. 

26. The method of claim 24 wherein different colors are allocated to different thickness 
ranges. 

27. The method of claim 1 wherein the map provides an indication about a depth of a 
void within each target. 

28. The method of claim 27 wherein different symbols are allocated to different void 
depth ranges. 
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29. The method of claim 27 wherein different colors are allocated to different void depth 
ranges. 

30. The method of claim 1 further comprising a step of changing a characteristic of a 
beam of charged particles that scanned the multiple targets to provide a changed beam. 

31. The method of claim 30 further comprising scanning the multiple targets with the 
changed beam of charged, so as to induce additional X-ray emissions from the multiple 
targets, and detecting the additional x-ray emissions. 

32. The method of claim 31 wherein the indication about the process is further 
responsive to the additional detected x-ray emissions. 

33. A system for process monitoring, the system comprising the steps of: 

means for scanning multiple targets such as to induce X-ray emission from the 
multiple targets, whereas the multiple targets positioned within a first region of a sample 
made of multiple materials; 

at least one detector for detecting x-ray emitted from said multiple targets; and 
a processor, for creating a map of at least the region of the sample indicating a 
status of the process in response to the detected X-ray emission from the multiple targets. 

34. The system of claim 1 wherein at least one detector is a wideband detector. 

35. The system of claim 33 wherein at least one detector is a narrowband detector. 

36. The system of claim 33 wherein the processor is adapted to create a map by 
processing measured x-ray emission in response to characteristics of at least two 
materials of the target. 

37. The system of claim 33 wherein the processing comprises ZAF processing. 
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38. The system of claim 33 further comprising means for monitoring the intensity of the 
beam of charged particles and whereas the processor is capable of processing x-ray 
emission measurements in response to said intensity. 

39. The system of claim 1 further adapted to locate the multiple targets. 

40. The system of claim 39 wherein locating a target comprises acquiring an image of an 
estimated vicinity of the target and processing the image to locate the target. 

41. The system of claim 39 wherein the system is adapted to acquire the image by 
scanning the sample within an acquisition window. 

42. The system of claim 41 wherein the system is adapted to scan a target within a 
scanning window that is smaller than the acquisition window. 

43. The system of claim 33 wherein the map reflects the presence of voids within the 
sample. 

44. The system of claim 33 wherein the map reflects deviations in a shape of the target. 

45. The system of claim 33 wherein the deviations reflects dishing. 

46. The system of claim 33 wherein the map provides an indication about a volume of a 
void within each target. 

47. The system of claim 46 wherein the processor allocates different symbols to different 
void volume ranges. 

48. The system of claim 1 8 wherein the processor allocates different colors to different 
void volume ranges. 



20 



WO 2004/034044 



# 



PCT/US2003/032037 



49. The system of claim 1 wherein the map provides an indication about the flatness of 
each target. 

50. The system of claim 49 wherein the processor allocates different symbols to different 
flatness value ranges. 

51. The system of claim 50 wherein different colors are allocated to different flatness 
value ranges. 

52. The system of claim 1 wherein the map provides an indication about the thickness of 
each target. 

53. The system of claim 52 wherein the processor allocates different symbols to different 
thickness ranges. 

54. The system of claim 52 wherein the processor allocates different colors to different 
thickness ranges. 

55. The system of claim 1 wherein the map provides an indication about a depth of a 
void within each target. 

56. The system of claim 55 wherein the processor allocates different symbols to different 
void depth ranges. 

57. The system of claim 5 wherein the processor allocates different colors to different 
void depth ranges. 

58. The system of claim 1 further adapted to change a characteristic of a beam of 
charged particles that scanned the multiple targets to provide a changed beam. 
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59. The system of claim 58 further adapted to scan the multiple targets with the changed 
beam, so as to induce additional X-ray emissions from the multiple targets, and to detect 
the additional x-ray emissions. 

60. The system of claim 59 wherein the indication about the process is further responsive 
to the additional detected x-ray emissions. 
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